Type 2 Quasars at the heart of dust-obscured galaxies (DOGs) at high z by Piconcelli, E. et al.
Type 2 Quasars at the heart of dust‐obscured galaxies (DOGs) at high z
E. Piconcelli, G. Lanzuisi, F. Fiore, C. Feruglio, C. Vignali, M. Salvato, and C. Gruppioni 
 
Citation: AIP Conference Proceedings 1248, 493 (2010); doi: 10.1063/1.3475316 
View online: http://dx.doi.org/10.1063/1.3475316 
View Table of Contents:
http://scitation.aip.org/content/aip/proceeding/aipcp/1248?ver=pdfcov 
Published by the AIP Publishing 
 
Articles you may be interested in 
Suzaku and XMM‐Newton Observations of Type 2 ULIRGs with High [OIII] Luminosity 
AIP Conf. Proc. 1248, 445 (2010); 10.1063/1.3475291 
 
The IR to X‐rays SED of the Heavily Obscured Quasar IRAS 09104+4109 
AIP Conf. Proc. 1126, 242 (2009); 10.1063/1.3149424 
 
High‐z X‐ray Obscured Quasars in Galaxies with Extreme Mid‐IR/Optical Colors 
AIP Conf. Proc. 1126, 231 (2009); 10.1063/1.3149421 
 
The Infrared View of Luminous X‐ray Selected Type 2 Quasars, and Coeval Nuclear Activity
and Star Formation at z  = 2 
AIP Conf. Proc. 1126, 227 (2009); 10.1063/1.3149420 
 
Outflows, Accretion Disks & the IGM: High Resolution Chandra & XMM Spectroscopy of
Active Galactic Nuclei 
AIP Conf. Proc. 774, 335 (2005); 10.1063/1.1960947 
 
 Reuse of AIP Publishing content is subject to the terms at: https://publishing.aip.org/authors/rights-and-permissions IP:  131.215.225.131 On:
Type 2 Quasars at the heart of dust-obscured
galaxies (DOGs) at high z
E. Piconcelli∗, G. Lanzuisi∗, F. Fiore∗, C. Feruglio†, C. Vignali∗∗,‡,
M. Salvato§ and C. Gruppioni‡
∗Osservatorio Astronomico di Roma, Via Frascati 33, I–00040 Monteporzio Catone, Italy
†CEA, Irfu, Service d’Astrophysique, Centre de Saclay, 91191 Gif–sur–Yvette, France
∗∗Dipartimento di Astronomia, Università di Bologna, Via Ranzani 1, I–40127 Bologna, Italy
‡Osservatorio Astronomico di Bologna (INAF), Via Ranzani 1, I–40127 Bologna, Italy
§Caltech, MC 105–24, 1200 East California Boulevard, Pasadena, CA 91125, USA
Abstract. Dust-obscured galaxies (DOGs) represent a recently-discovered, intriguing class of mid-
IR luminous sources at high redshifts. Evidence is mounting that DOGs (selected on the basis of
extreme optical/mid-IR color cut and high mid-IR flux level) may represent systems caught in the
process of host galaxy formation and intense SMBH growth. Here we report the results of an X-ray
spectroscopic survey aimed at studying the X-ray properties of these sources and establishing the
fraction of Type 2 quasars among them.
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According to many models of joint formation and co-evolution of quasars and their
massive spheroidal host galaxies distant dust-enshrouded quasars might represent an
early phase in quasar evolution [1, 2]. However, this evolutionary phase has been rarely
observed, and a population of heavily obscured (possibly Compton Thick, CT hereafter)
X-ray quasars is only loosely constrained to date. Even the deepest X-ray surveys
detected directly only a handful of CT AGNs [3]. In the recent years many works
have used the mid-IR (MIR) emission or combinations of MIR and optical/radio data
to successfully select a population of highly obscured AGNs at z >∼ 1 [4]. In particular,
[5, 6, 7] found a very efficient approach in collect sources with AGN luminosities in the
MIR and faint optical or near-IR emission (i.e. F24µm/F >R ∼ 1000 and F >24µm ∼ 1 mJy),
the so-called dust-obscured galaxies (DOGs), e.g. [8]. All these studies indicate that the
majority of the bright 24 µm sources with faint optical counterparts are highly obscured
quasars at z >∼ 1.
We have performed an X-ray spectroscopic survey of DOGs aimed at studying the
largely unexplored X-ray properties of these high-z systems [9]. To this purpose, we
have collected all available Spitzer, optical and X-ray data of five fields from the SWIRE
survey, since this survey, covering with medium-deep Spitzer MIPS and IRAC photom-
etry about 30 deg2 of the sky, provides a unique opportunity to build up a large sample
of DOGs. We selected only those sources falling in a region of ∼6 deg2 covered by X-
ray observations available in the XMM–Newton and Chandra archives. The final sample
includes 44 DOGs. The vast majority of spectroscopic (available for 7 sources) and pho-
tometric redshifts are in the range 0.7 < z <2.5, with an average 〈z〉= 1.2. Unfortunately,
as the X-ray coverage of the SWIRE fields is highly inhomogeneous, we derived the
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FIGURE 1. Left (a): NH vs L2−10 for the X-ray detected DOGs in [9]. Right (b): L5.8µm vs observed
LObs2−10. Downward-pointing arrows indicate the 3σ upper limit on LObs2−10 for the X–ray undetected sources.
The solid line represents the relationship between L2−10 and L5.8µm obtained for the X–ray sample, while
the dotted(dashed) line represents the L2−10/L5.8µm ratio expected for an absorption with NH=1023(1024)
cm−2. The shaded area indicates the range of L2−10-L5.8µm found for AGNs in the local Universe [10].
X-ray spectral properties for only 23 out of 44 sources (e.g. Fig 1a), while 21 sources re-
main undetected in X-rays. The main results of our work can be summarized as follows:
(1) all these sources have a 2-10 keV luminosity L2−10 >∼ 1043 erg s−1, whereby they
fall well within the AGN X-ray luminosity range, (2) 70% of the sources show a column
density NH>1022 cm−2, (3) 50% of them can be classified as quasar 2 on the basis of
their NH>1022 cm−2 and L2−10>1044 erg s−1, and (4) at least four DOGs at z>1.4 were
found to be very likely CT quasar 2 candidates. These results have definitively estab-
lished the AGN-dominated nature of the X-ray emission in DOGs with F24µm >∼ 1 mJy.
We were also able to provide a rough estimate of the NH for the 15 X-ray undetected
DOGs showing MIR colors typical of AGN-dominated sources, e.g. Fig 1b (see [9] for
details), one third of which is consistent with being CT.
The present results, together with the high dust content, redshift distribution and
huge bolometric luminosities inferred for these sources (i.e., 1012<LBol<1014 L⊙), lead
further support to the idea that the DOG phenomenon is linked to the early stages of
quasars evolution.
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